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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL NOTE D-1641

CROSS SECTIONS OF TEMPERATURE, PRESSURE, AND DENSITY

NEAR THE 80TH MERIDIAN WEST

By

Orvel E. Smith, William M. McMurray, and Harold L. Crutcher*

SUMMARY

This report provides monthly and annual temperature, pressure, and density

analyses along the 80th Meridian West from the surface to 31 km. These param-

eters are furnished at constant altitudes and are based on three years of data,

1957-1960. The information is given in mean and standard de_i_tion values for

each element.

SECTION I. INTRODUCTION

The rapid development of space vehicles and missiles has created urgent de-

mand for more information about the earth's atmosphere from sea level to sub-

orbital altitudes. It cannot be assumed at this time that future re-entry ve-

hicles will be restricted to land (impact) at known or specific geographical

areas. Therefore, there is a need at present to establish, in as much detail as

the state of the art permits, detailed information on the means and variances of

atmospheric temperature, pressure, density, and wind, not only as a function of

altitude but for all geographical coordinates.

Quantitative values of the means and variances of these atmospheric param-

eters are prerequisite to establishing design criteria for space vehicles and

to assess the feasibility of a design concept through theoretical studies. This

approach serves a very practical purpose in detecting potential problem areas

relative to vehicle limitations and restrictions in the early stages of the engi-

neering development.

In an earlier publication by Smith and Chenoweth [15] the range of ambient

density from sea level to 120 km altitude was prepared to satisfy a specific

need for vehicle design information. This report [15] was based on limited infor-

mation and treated only one atmospheric parameter, namely, density. It is the

purpose of this report to establish the variability of three atmospheric variables

*William M. McMurray and Harold L. Crutcher are with U. S. Weather Bureau,

National Weather Records Center, Asheville, North Carolina



pressure, temperature, and density for the first 30 km altitude for North Pole
to South Pole along the 70-80° W.meridian heretofore not available. This pole-
to-pole cross section then will serve as basic information for further study and
it is expected to lead to a better understanding of the atmospheric variables.
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SECTIONII. DATA

A. SOURCES

Primary data sources were punched cards, derived from original radio-
sonde records on file at the National Weather Records Center, Asheville, North
Carolina. Soundings on International Geophysical Year microcards, and in the
Daily Weather Report of the Falkland Islands and Dependencies Meteorological

Service, were also converted to punched card form. Only 1200 GMT observations

were used.

A list of stations with World Meteorological Organization block and index

numbers, names, latitudes, longitudes, heights in meters above mean sea level,

and periods of record, is shown in Table I.

B. PROCESSING AND COMPUTATION

All data were subjected to a checking program using electronic data

processing equipment. If individual observations fell outside predetermined

limits, these were indicated and the original records re-examined.

Basic data were available as temperature, relative humidity, and geopoten-

tial heights, as functions of standard pressure levels. Geopotential heights fox

each observation were converted to geometric heights using the following equation

[ 13, 16] :

r*

H - r' (i)
-- - 1

where H is geometric height (m), _ is geopotential height (m'), and r* and r' are

parameters that are a function of latitude only. Here, r* is equal to twice the

acceleration of gravity, go, at a given latitude divided by the partial deriva-

tive of the acceleration of gravity with respect to height evaluated at the

height zero, (_z)z = 0'
\--y



and r' is r* times the acceleration of gravity divided by the standard unit of

geopotential, 9.8 m 2 sec -2. |16].

After this conversion was made, temperature, relative humidity and loga,

rithm of pressure were linearly interpolated as functions of geometric height at

l-km intervals. The pressure was interpolated according to the following equa-
tion:

I H - HI .(in P2 - _n PI) ] in"P" = anti in H2 - H I + PI (2)
J

where H is the height of the value to be interpolated ("P"), H I is the height of

the lower level observation, H2 is the height of the upper level observation,

PI is the pressure at the lower level, and P2 is the pressure at the upper level.

Similar equations were used in the interpolation of temperature and rela-

tive humidity by substituting these parameters.

[4]:
From these values, densities at the l-km intervals were computed as follows

0.3486.(P 0.377 e s RH)

density = T (3)

where P is the pressure, T is temperature, RH is relative humidity, and e s is
saturation vapor pressure.
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In Equation (3) the following equation was used for saturation vapor pres-
sure [5]:

es = anti In [ 1"80910 + (17"269425 t)]237.3 t

where t is the temperature in degrees Celsius.

(4)

Following these interpolations of individual radiosonde observations for

geometric height, means and standard deviations of pressure, temperature, and
density were computed as follows:

_x
Mean = -- (5)N

where X is the variable, EX is the sum of X, and N is the number of observations.

Standard Deviation = N(N-I) (6)

where X is the variable, EX 2 is the sum of squares of X, EX is the sum of X and

N is the number of observations.



C. PRESENTATION

Monthly and annual meansand _tandard deviations for temperature (QK),
pressure (kp m-2)*, and density (kg m-_) are presented in analyzed form, from
pole to pole and from 0 to 31 km abovemeansea level.

The Northern Hemisphereportion presents an analysis through the atmosphere
along the line of observation points shownin Figure i and listed in Table I.
Due to the proximity of these stations to the 80° W meridian, the analysis can

reasonably be interpreted as that along this longitude and, therefore, the topog-

raphy on the base map outlines the physical features intersected by the 80 ° W

meridian.

Because of the scarcity of data and the irregular arrangement of the obser-

vation points in the Southern Hemisphere, this analysis was constructed on the
station-to-station line and then projected onto the 70 ° W meridian. This topog-

raphy then is linear with respect to latitude rather than linear in terms of

actual distances between stations.

The requirement to extrapolate through the thickness of 2800 m of Antarctic

terrain, so that base line initial conditions could be established, required arbi-

trary decisions for the presentation of purely fictitious analyses. In view of

the ultimate uses and purposes of these charts, and because the surface and 3 km

observations at the pole are so heavily influenced by radiation cooling, the pole-

ward analyses in the Southern Hemisphere are extrapolations of adjacent analyses

based on Ellsworth data and the 4 km data at Amundsen-Scott. It should be empha-

sized that the analyses shown from 0 to 4 km in the region of Antarctic are pre-

sented solely for reasons of completeness which is a particular requirement for

the pruposes of these charts. These analyses are not based on observational data,

but are extrapolations of the nearby atmospheric analyses extended through the

Antarctic Continent.

SECTION III. ANALYSIS

A. CHART ANALYSIS

The object of the analysis was to present best-fit patterns of the

chosen parameters for the entire area from pole to pole, and from 0 to 31 km,

regardless of the number of observations available (from a maximum of 93 to a

minimum of zero on the monthly charts).

This gives the impression of uniform analysis confidence over the entire

area, while in reality this confidence varied in degree as the observations

varied in number. In general, observations were more plentiful in the Northern

than in the Southern Hemisphere, and less plentiful at higher latitudes and alti-

tudes in both hemispheres. Naturally this reduces the precision of analysis of

the mean values. The analysis shown should be considered an estimate of what is

hoped to be the true or theoretical mean. The bounds within which the true mean

*kp is kilogram force, I kp = 10.197 mb.
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will actually be found are a function of the computedvariance and the numberof
independent observations. However, the observations used here cannot be said to
be independent for they are in most cases sequential, i.e., daily observations
following each other. This problem will be discussed later with regard to
statistical analysis and the use of the analyzed data.

These data limitations were well recognized during the analysis. The number
of observations was available for each l-km interval and was used as an integral
part of the analysis of all data above 20 km. Analysts engagedin this project
benefited by the experience gained in the analysis of temperature fields for
similar sections for the International Geophysical Year period, both on a daily
[18] and monthly [19] basis.

Most types of synoptic data lend themselves to analysis with isopleths pre-
sented in ordered, sequential and equal intervals. The analytical presentation
of these data could not be madein this fashion, however, without having either
too few or too many lines in someregions. For this reason, and to permit the
placement of meanand standard deviation analyses on the samechart, the interval
of analysis from 0 to 31 kmmayvary. In addition, where the gradient was slight,
smaller interval isopleths were inserted to permit the user to makea better
linear interpolation.

Conventional subjective analysis techniques of continuity, extrapolation
and interpolation were supplementedwith internal consistency checks of the main
parameters. In areas of few observations, computations were made to check the
values as read from the analysis.

Sea level pressures were determined mainly by a subjective microanalysis of
computedmeansurface pressures, in the first kilometer of height, plotted on a
chart whose vertical scale had been expanded16 times. Also, by construction of
such charts, it was possible to include surface pressures from other than radio-
sonde stations. Analyses were spot checked by methods outlined in AWSManual
I05-15 [20].

The availability of the original records of the observations permitted a
check of the time array of observations when the total numberwas limited. As
an example, the entire period of record for Eureka was examined to determine
what biases were introduced when the few observations were all concentrated
within a short period of time. Special attention was given to the period of
"explosive warming" in January 1958 [17].

The standard deviation analyses are shownas dashed lines on all charts ex-
cept where the numberof available observations was less than 30. In these
areas the analyses are shownby crossed dashes on the monthly charts. The
limited numberof observations at times resulted in data at isolated points on
both the meansand standard deviations for which it would have been difficult
to draw smooth isopleths. At these points the data were adjusted within narrow
limits determined from the computedstandard deviation and the numberof obser-
vations. For this reason these charts are considered to be as representative as
can be produced for the period 1957-1960.
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B. STATISTICAL ANALYSIS

In some problems the serial correlation between consecutive meteor-

ological observations is quite important. Persistence is an inherent factor in

meteorology. As such, it plays a very important role in the development of fore-

casting procedures and vehicle design data. A knowledge of the persistence of

certain phenomena is indispensable to the climatologist and meteorologist. How-

ever, due to the paucity of data and to the time involved, it is often difficult

to assess the underlying distribution of any meteorological element and to ob-

tain information as to the actual mean and variance of data sets.

For this publication, values of the means and standard deviations have been

computed from all data available. Thus, serial correlation is present to some

extent. Therefore, information extracted from this publication should be used

with the idea that such information is only an estimate of what may be encounter-

ed at a future date.

The use of the standard deviation and the assumption of the normality of

the distribution to obtain an idea as to the variability of the mean requires

that the data from one observation to the next be uncorrelated. The existence

of serial correlation in general permits the computation of a variance too small

for a sample of data which would be collected over a longer period of time and

within which sample data are truly uncorrelated. Information extracted from

this publication, therefore, should be expected to provide underestimates of the

variability. That is, values of the standard deviation should be considered to

be minimum values.

One way in which the above problem can be met is to select a random sample

from observations available for each day of the entire period. From this sample,

mean and variance would be computed which would provide better estimates of the

mean and standard deviation. However, data have not been and are not now avail-

able to this extent. Therefore, all data have been used. The study of the ex-

tent of and the removal of the serial correlation from these or similar data

must be a separate investigation.

In the meantime, the following discussion is given, so that the information

extracted from this publication may be modified for particular problems.

The elimination of the serial correlation effect from sets of consecutive

data had been the subject of several investigations. Brooks and Carruthers [5]

discuss this problem. They introduce a persistence factor, "s", which may be

defined as i + r I + r 2 + r 3 +...where rl, r2, and r3...are serial correlations

of lag I, 2, 3,... Thus, they show that the standard error of the mean of n

consecutive observations roughly may be set equivalent to

[o _2s - I 2
°n n

where o is the computed standard deviation and "s" is the persistence factor.

It is this value of q which is to be read from the charts and tables of this



publication. The value of "s" is desirable, but little is knownabout it for
the various atmospheric elements presented here. For surface elements [5] in
temperate latitudes, the values which have been used range from about 1.5 to 2.5.
However, the few investigations on upper air data indicate that the values to be
used are much larger, perhaps by as muchas an order of magnitude. Studies by
Panofsky, Kravitz, and Julian [i0] show that weather systems at i00 mbpersist
for much longer periods than those at 500 mb. An unpublished spectrum analysis
of wind studies by Crutcher and Charles [7] indicates that presistence acts over
quite long periods in the upper atmosphere. Charles [6] has shownfor upper
winds that values of "s" range from about 2 near the surface to 6 at 15 km.
Winds are believed to be more erratic, i.e., less persistent than any one of the
elements presented in this publication, so the value of "s" for densities, pres-
sures, and temperatures could be greater. For example, McClain [8] shows that
a value of 10.5 maybe used for temperatures in the Arctic at altitudes of 15 km.
If it is assumedthat densities will exhibit the sameor more conservative prop-
erties at 15 km and that, with altitude, "s" is still greater, then perhaps a
conservative increase of "s" by 1 for each 3 km increase of altitude would not
be out of order. For example, the spectrum analysis studies of winds [7] at 30
mbover Norfolk, Virginia, indicate that with few exceptions wind regimes persist
i0 days_or more. A large majority of these wind regimes persist 20 days or more,
Smith [14] shows that for maximumwinds in the 10-15 km layer, "s" is approxi-
mately 8. The samephenomenaare exhibited on the west coast of North America
and in Alaska [7]. Thus, with an initial value for "s" of 2 at the surface, and
permitting an orderly increase of 1 in the value of "s" for every 3 km increase
of altitude, then a value of 12 for "s" at 30 km is considered to be conservative
for the elements presented in this publication.

The sumtotal of the above arguments is to place in the hands of the user a
tool by which he can modify the values shownin this publication. For example,
suppose I0 is obtained as a monthly value of a standard deviation de&uced from
this report; then a total of 90 observations would yield 10/(90)1/2 , or approx-
imately 1.05. This was the procedure used to permit smoothing of values during
the analysis. However, using a value of 6 for "s" at 12 km, (2s - 1)1/2 _ 3.3,
the modified standard error would be 3.5. With this new value then, and using
the idea of the normal distribution, an estimate can be madethat, 95 percent of
the time, values of a meancomputedfrom another set of data should lie within
±6.9, i.e., 1.96 x 3.5 units of the meanextracted from this publication. Thus,
one can say that for future work confidence intervals can be placed on the mean
values extracted from this publication in the manner described above.

C. COMPARISONS

Previous studies have been concerned with the establishment of standard
atmospheric and standard density profiles. Twoof these standards are the U. S.
Standard Atmosphere-1962 [21] and the Patrick Reference Atmospheres[13]. The
first is a standard to be used for all latitudes, months seasons and years, but
it is most representative of conditions of 45° latitude.

It is known that the use of such a standard atmosphere is a first approxi-
mation to actual conditions and is a model from which departures must be expected.



The present publication serves well as a more refined model in that it presents

for the first time density values on a pole-to-pole cross section from the sur-

face to 30 km, using monthly and annual information processed from data gathered

during the intensive observational period which includes the International Geo-

physical Year - International Geophysical Co-operation period.

The present publication will serve as an excellent guide, particularly with

regard to densities, until more data are collected. At that time an extended

and more detailed study can be made on a Northern Hemisphere basis and perhaps

on a world-wide basis.

To illustrate the point made above, let us consider previous studies [1.2,

3, 12]. Examination of these studies shows that departures from the U. S. Stand-

ard Atmosphere-1962 for densities, range as shown below in Tables II and III.

Table II is believed to provide a fair geographical representation of data. In

Table II, the maximum percentage deviations of the median value of the density

distributions from the U.S. Standard, for six stations, are tabulated against the

altitude. The six stations are: Thule,Greenland; Fairbanks, Alaska; Wiesbaden,

Germany; Patrick Air Force Base, Florida; El Pasco, Texas; and Tripoli, Libya.

In addition to the median value, as a measure of the range, the 2.28 percentile

and 97.72 percentile maximum deviations are shown.

In Table III the same procedure for the mean value has been followed for 23

selected stations used in the preparation of the present publication. This sec-

ond group represents a north-to-south section and is composed of the following

stations: Eureka, Hall Lake, Coral Harbor, Port Harrison, Moosonee, Buffalo,

Pittsburgh, Greensboro, Charleston, Cape Canaveral, Miami, Roberts Field,Albrook

Field, Guayaquil, Limatambo, Antofogasta, Quintero, Puerto Montt, Comodoro

Rivadavia, Usuhaia, Argentine Island, Ellsworth and Amundsen-Scott.

From an examination of Tables II and III, it may be seen that deviations in

the mean value for any month may be expected to range up to 24 percent. It

appears that the largest deviations are those at polar or equatorial stations or

in hot, dry areas. This is not an unexpected result as the U.S. Standard-1962

has been prepared for temperate latitudes. It does point up the very large prob-
able deviations which must be considered if the U.S. Standard is used.

It should be mentioned here that more extreme deviations were noted at the

Amundsen-Scott stations. One deviation was -27 percent at the 24 km level. How-

ever, these large deviations are considered to be doubtful since an examination

of the records indicates that groupings of the observations and serial correla-

tion do not permit the obtainment of a good representative value. This is men-

tioned so that further studies may consider examining this region for possible

extreme deviations which may confirm the large deviations for Amundsen-Scott

found in this short-period study.

The present publication presents data on an individual monthly basis. It

permits a much closer evaluation of the actual density distribution in both space

and time up to 31 km and over the year. Since it is presented as a pole-to-pole
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cross section, it provides a facility for interpolation where no data are avail-

able. Comparison of Tables II and III reveals that the range of deviations in

the latter is equal to or slightly greater that the former.

Suppose the variation of the mean density extracted from this publication

did range up to 4 percent of the density value itself. The reduction of percent-

age variation of mean density from 27 percent to 4 percent is a very significant

improvement. Very likely, the reduction is even greater than this. The varia-

bility as shown by a comparison of the standard deviation charts indicates that

a variation in the mean value of about 2 percent might be expected.

The more refined techniques of statistical analysis cannot be adequately

discussed here and must be reserved for future investigation. Such an investiga-

tion should determine whether the mean values of density from one period to an-

other are significantly different and should determine whether the values ex-

tracted from this publication would be different from the data which were computed

and used in the analysis. Sessenwine and others [12] indicate that for a partic-

ular station, the means of five year periods and ten year periods are not signif-

icantly different; that is the difference is less than two percent. The small

plate size required for the present publication precludes reading of density

values to an accuracy greater than two decimal places. For this reason, values

have been read from the original analyzed charts, and the reduced charts are

printed here for reference. Even the reading of these values from the original

analyzed charts is difficult in the third decimal place. These difficulties can

only be resolved by computations of more data in time and space, and by plotting

and analyzing such data on a much smaller scale than is now possible. Perhaps in

five to ten years, sufficient data will be available to make such a presentation

feasible.

As indicated above, the reduction in variation from the U.S. Standard-atmos

)here-1962 to the present cross sections is quite significant. The difference

_etween the U.S. Standard and individual stations has been investigated by

;essenwine and others [12] in their excellent study, "Behavior of Atmospheric

)ensity Profiles." Therefore, where detailed data not provided by the mean model

ire needed, the present publication can be used as a model.

This publication represents the first attempt to establish, on a broad scale

ipole-to-pole cross section), means and standard deviations of three atmospheric

_arameters -- temperature, pressure, and density -- from uniformly consistent

_asic data sources. The extensive tabulations and illustrations of the atmos-

)heric statistics should prove useful in establishing design criteria for space

re-entry vehicles and for extracting information for flight mechanical studies.

A potential application of these data is that they could be used as a model for

the first 30 km altitude from which extrapolations to the higher altitudes could

be made.

Table III shows that the mean density along the 70-80 ° W. meridians can be

24 percent higher than the U.S. Standard Atmosphere-1962 and 13 percent lower.

Very large probable density deviations must be considered if a standard model is

used for world-wide re-entry studies.



The publication of these data is in no way intended to belittle the standard
atmospheric models. Suchmodels are quite important and will continue to be our
first approximation to problems involving temperatures, pressures and densities.
Model atmosphereswill be modified from time to time as more experience is gain-
ed in the establishment of model atmospheres.

SECTIONIV. CONCLUSIONSANDRECOMMENDATIONS

The increasing use of electronic computing machinespermits the considera-
tion of computing density at selected special grid locations. Temperature,
moisture and pressure arguments could be read from their respective analyses and
entered into appropriate equations. There is somefeeling that the densities
are not distributed normally [12, 13]. Coupled with this is the fact that from
the charts of this publication only meanvalues of data are available. Entry of
these meandata into equations will not produce a meanvalue of density. This
is due to the fact that the meanof the temperature and moisture arguments is a
meanof reciprocals which is not an arithmetic mean. This problem deserves
special attention beyond the scope of the present paper. It is the opinion of
the authors that the results should be acceptable estimates, but there is no
proof immediately accessible. Therefore, this problem is reserved for future
investigation.

Based on the information presented in this report, no significant changes
in the range of density, as given in reference 15, are recommendedat this time.
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TABLE II

Maximum percentage density deviations from the U.S. Standard Atmosphere-1962

for six selected stations, based on 1950-1957 monthly data. The station which

has the largest mean deviation is shown beside the mean value. Positive devia-

tions mean larger actual quantities than the corresponding U.S. Standard Atmos-

phere-1962 quantities.

Distribution Percentile

2.28 50.0 97.72

Altitude

Geometric

km

32 6 8 (Tripoli) 12

28 -12 - 9 (Thule) 12

24 -23 -12 (Thule) 9

20 -21 -ii (Thule) 12

16 -17 17 (El Paso) 19

12 -17 -14 (Thule) 9

8 -I0 - 3 (Thule) 4

4 - 4 4 (Thule) 7

0 ii 17 (Thule) 29

TABLE III

Maximum monthly percentage mean density deviation from the U.S. Standard

Atmosphere-1962 for twenty-three stations along the 70-80 meridians based on

1957-1960 data. The station which has the largest mean deviation is shown beside

the mean value. Positive deviations mean larger actual quantities than the

corresponding U.S. Standard Atmosphere-1962 quantities.

Altitude

Geometric

km Mean Station

28

24

2O

16

12

8

4

0

II Eureka, NWT

-12 Eureka, NWT

-Ii Eureka, NWT

+20 Lima, Peru

-13 Eureka, NWT

- 4 Eureka, NWT

5 Eureka, NWT

+24 Eureka, NWT
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FIGURE 2. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 _ 170_W MERIDIAN

MEAN TEMPERATURE AND STANDARD DEVIATION (°K) (JANUARY - NORTHERN

HEMISPHERE)
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CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80_/70"W MERIDIAN

MEAN TEMPERATURE and STANDARD DEVIATION (*i 0
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FIGURE 4. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 ° 170°W MERIDIAN

MEAN TEMPERATURE AND STANDARD DEVIATION (°K) (FEBRUARY - NORTHERN

HEMISPHERE)
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FIGURE5.
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CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/70°W MERIDIAN

MEAN TEMPERATURE AND STANDARD DEVIATION (OK) (FEBRUARY - SOUTHERN
HEMISPHERE')
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FIGURE 6. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN TEMPERATURE AND STANDARD DEVIATION (°K) (MARCH - NORTHERN

HEMISPHERE)
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CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80_/70°W MER[O_N
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FIGURE 8. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN TEMPERATURE AND STANDARD DEVIATION (°K) (APRIL - NORTHERN

HEMISPHERE)
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FIGURE ii. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/70°W MERIDIAN
MEAN TEMPERATURE AND STANDARD DEVIATION (°K) (MAY - SOUTHERN
HEMISPHERE)
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FIGURE 12. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN TEMPERATURE AND STANDARD DEVIATION (OK) (JUNE - NORTHERN

HEMI S PHERE)
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FIGURE 13. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN TEMPERATURE AND STANDARD DEVIATION (OK) (JUNE - SOUTHERN

HEMISPHERE]
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FIGURE 14. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/70°W MERIDIAN

MEAN TEMPERATURE AND STANDARD DEVIATION (OK) (JULY - NORTHERN

HEMISPHERE)
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FIGURE 15. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 :_/70°W MERIDIAN

MEAN TEMPERATURE AND STANDARD DEVIATION (OK) (JULY - SOUTHERN

HE MI S PHE RE )
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FIGURE 16. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN TEMPERATURE AND STANDARD DEVIATION (°K) (AUGUST - NORTHERN
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CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80"/70°W MERID AN

MEAN TEMPERATURE and STANOARD DI'VIATION f_KI

AUGUST

17. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN TEMPERATURE AND STANDARD DEVIATION(°K) (AUGUST - SOUTHERN

HE MI SPHE RE )
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FIGURE 18. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°170°W MERIDIAN

MEAN TEMPERATURE AND STANDARD DEVIATION (°K) (SEPTEMBER - NORTHERN

HEMISPHERE)
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FIGURE 19. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN TEMPERATURE AND STANDARD DEVIATION (OK) (SEPTEMBER - SOUTHERN

HEMI S PHERE )
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FIGURE 20. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 ° 170°W MERIDIAN

MEAN TEMPERATURE AND STANDARD DEVIATION (OK) (OCTOBER - NORTHERN

HEMI S PHERE)
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FIGURE 2 I. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/70°W MERIDIAN

MEAN TEMPERATURE AND STANDARD DEVIATION (OK) (OCTOBER - SOUTHERN

HEMISPHERE)
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MEAN TEMPERATURE AND STANDARD DEVIATION (°K) (NOVEMBER - NORTHERN
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FIGURE 23. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN TEMPERATURE AND STANDARD DEVIATION (OK) (NOVEMBER - SOUTHERN

HEMI S PHERE
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FIGURE 24. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN TEMPERATURE AND STANDARD DEVIATION (OK) (DECEMBER - NORTHERN

HEMISPHERE)
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FIGURE 25. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/70°W MERIDIAN

MEAN TEMPERATURE AND STANDARD DEVIATION (°K) (DECEMBER - SOUTHERN

HEMISPHERE)
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CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/70°W MEN DIAN
MEAN PRESSURE and STANDARD DEV ATION [Kp m ']
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FIGURE 26. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN PRESSURE AND STANDARD DEVIATION (Kp m -m) .(JANUARy - NORTHERN

HEMI SPHERE)
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GROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/70°W MERIDIAN

MEAN PRESSURE and STANDARD DEVIATION [Kp m '_
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FIGURE 27. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70 °W MERIDIAN

MEAN PRESSURE AND STANDARD DEVIATION (Kp m -2) (JANUARY - SOUTHERN

HEMISPHERE)
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FIGURE 28. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/70°W MERIDIAN

MEAN PRESSURE AND STANDARD DEVIATION (Kp m -m) (FEBRUARY - NORTHERN

HEMZSPHERE)
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FIGURE 29. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN PRESSURE AND STANDARD DEVIATION (Kp m -e) (FEBRUARY - SOUTHERN

HEMI S PHERE )
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FIGURE 30. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN PRESSURE AND STANDARD DEVIATION (Kp m -e) (MARCH - NORTHERN

HEMI SPHERE

42



CROSS SECT,ON THROUGH THE ATMOSPHERE ALONG 80°170°W MEF_IL)IAN

MEAN PRESSURE ond STANDARD DEVIATION tKp _'I

MARCH

!"

i
b

i
I

FIGURE 31. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN PRESSURE AND STANDARD DEVIATION (Kp m -2) (MARCH SOUTHERN

HEMI S PHERE )
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FIGURE 32. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/70°W MERIDIAN

MEAN PRESSURE AND STANDARD DEVIATION (Kp m -e) (APRIL - NORTHERN

HEMISPHERE)
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FIGURE 33. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°170°W MERIDIAN

MEAN PRESSURE AND STANDARD DEVIATION (Kp m -a) (APRIL - SOUTHERN

HEMISPHERE)
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FIGURE 34. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN PRESSURE AND STANDARD _DEVIATION (Kp m -e) (MAY - NORTHERN
HEMISPHERE)
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FIGURE 35. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN PRESSURE AND STANDARD DEVIATION (Kp m -2) (MAY - SOUTHERN

HEMISPHERE)
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CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80"/70°W MERIDIAN

MEAN PRESSURE and STANDARD DEVIATION IKp m '1
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FIGURE 36. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN PRESSURE AND STANDARD DEVIATION (Kp m -a) (JUNE - NORTHERN

HEMISPHERE)
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FIGURE 37. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN PRESSURE AND STANDARD DEVIATION (Kp m-2) (JUNE SOUTHERN

HEMISPHERE)
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CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/70°W MERIDIAN
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JULY

I

_L

: I ¸

I

Z'_. ....'
_U_T.ER_ _EMrSPH_RE

FIGURE 38. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/70°W MERIDIAN

MEAN PRESSURE AND STANDARD DEVIATION (Kp m -e) (JULY - NORTHERN

HEMISPHERE)
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FIGURE 39. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 _'/70_W FIERIDIAN
MEAN PRESSURE AND STANDARD DEVIATION (KI_ m-:_) (JULY - Sou'rF_RN

nX_ISPBERE)
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FIGURE 40. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN PRESSURE AND STANDARD DEVIATION (Kp m -e) (AUGUST - NORTHERN

HEMISPHERE)
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CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 _/70°W MERIDIAN

MEAN PRESSURE AND STANDARD DEVIATION (Kp m -:_) (AUGUST - SOUTHERN

HEMISPHERE)
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FIGURE 42. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/70°W MERIDIAN

MEAN PRESSURE AND STANDARD DEVIATION (Kp m-2) (SEPTEMBER - NORTHERN
HEMISPHERE)
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FIGURE 43. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 ° /70°W MERIDIAN

MEAN PRESSURE AND STANDARD DEVIATION (Kp m -2) (SEPTEMBER - SOUTHERN

HEMISPHERE)
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FIGURE 44. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/70°W MERIDIAN

MEAN PRESSURE AND STANDARD DEVIATION (Kp m -2) (OCTOBER - NORTHERN

HEMISPHERE)
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FIGURE 45. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/70°W MERIDIAN

MEAN PRESSURE AND STANDARD DEVIATION (Kp m -2) (OCTOBER - SOUTHERN

HEMISPHERE)
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CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/70®W MERIDIAN
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FIGURE 46. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN PRESSURE AND STANDARD DEVIATION (Kp m -e) (NOVEMBER - NORTHERN

HEMI S PHERE )
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CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN PRESSURE AND STANDARD DEVIATION (Kp m -2) (NOVEMBER - SOUTHERN

HEMISPHERE)
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FIGURE 48. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN PRESSURE AND STANDARD DEVIATION (Kp m -e) (DECEMBER - NORTHERN

HEMISPHERE)

60



FIGURE 49. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN PRESSURE AND STANDARD DEVIATION (Kp m -e) (DECEMBER - SOUTHERN

HEMISPHERE)
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FIGURE 50. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -3) (JANUARY - NORTHERN

HEMISPHERE)
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CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -3) (JANUARY - SOUTHERN

HEMISPHERE)
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FIGURE 52. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -a) (FEBRUARY - NORTHERN

HEMISPHERE)
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FIGURE 53. CROSS SECTION THROUGH THE ATMOSPHERE ALONC 80 °/70°W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -3) (FEBRUARY - SOUTHERN

HEMISPHERE)
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FIGURE 54. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -_) (MARCH - NORTHERN

HE MI S PHE RE )
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CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/70°W MERIDIAN
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FIGURE 55. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70'_W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -_) (MARCH - SOUTHERN

HEMISPHERE)
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FIGURE 56. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/70°W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -_) (APRIL - NORTHERN

HEMISPHERE)
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FIGURE 57. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/70°W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -3) (APRIL - SOUTHERN

HEMSI PHERE)
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FIGURE 58. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -3) (MAY - NORTHERN

HEMI S PHERE )
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FIGURE 59. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -3) (MAY - SOUTHERN

HEMISPHERE)
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FIGURE 60. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -s) (JUNE NORTHERN

HEMISPHERE)
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FIGURE 61. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 800/70°W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -3) (JUNE - SOUTHERN

HEMISPHERE_
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FIGURE 62. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/70°W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m-3) (JULY - NORTHERN

HEMISPHERE)
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FIGURE 63. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70 ° W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -s) (JULY - SOUTHERN

HEMISPHERE)
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FIGURE 64. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -_) (AUGUST NORTHERN

HEMISPHERE)

76



in

CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/?O°_N MERIDIAN

MEAN DENSITY and S'[ANIDARD DEVIATION {Kg m '1

AUGUST

°

• • +.

I f
I i"
il I-
i

SOUrnER_ _£M_SPnE#E

_r,o?_:;%<;_0

FIGURE 65. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MEKIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -3) (AUGUST - SOUTHERN

HEMI SPHERE)
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FIGURE 66. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -s) (SEPTEMBER -. NORTHERN

HEMI S PHERE)
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FIGURE 6 7. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/70°W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -3) (SEPTEMBER - SOUTHERn

HEMISPHERE)
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FIGURE 68. CROSS SECTION _HROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -a) (OCTOBER - NORTHERN

HEMISPHERE)
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FIGURE 69. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/70°W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -s) (OCTOBER - SOUTHERN

HEMI SPHERE)
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CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°170°_ MERIDI_N
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FIGURE 70. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -_) (NOVEMBER - NORTHERN

HEMISPHERE)
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FIGURE 7 i. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -_) (NOVEMBER - SOUTHERN

HEMISPHERE)
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FIGVRE 72. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -s) (DECEMBER - NORTHERN

_MISPHERE)
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FIGURE 73. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -3) (DECEMBER - SOUTHERN

HEMISPHERE)
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FIGURE 74. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN TEMPERATURE AND STANDARD DEVIATION (°K) (ANNUAL - NORTHERN

HEMISPHERE)
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MEAN TEMPERATURE AND STANDARD DEVIATION (° K) (ANNUAL - SOUTHERN

HE MI S P HE RE )

87



CROSS SECTION THROUGH THE ATMOSPHERE ALONG BO'/?O'W MERIDIAN

MEAN PRESSURE and STANDARD DEV_AT ON IKp m'

ANNUAL

i

L

I

FIGURE 76. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/70°W MERIDIAN
MEAN PRESSURE AND STANDARD DEVIATION (Kp m-2) (ANNUAL - NORTHERN

HEMISPHERE)
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FIGURE 77. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80°/70°W MERIDIAN

MEAN PRESSURE AND STANDARD DEVIATION (Kp m -2) (ANNUAL - SOUTHERN

HEMISPHERE)
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FIGURE 78. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80 °/70°W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -m) (ANNUAL - NORTHERN

HEMISPHERE)
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FIGURE 79. CROSS SECTION THROUGH THE ATMOSPHERE ALONG 80'/70°W MERIDIAN

MEAN DENSITY AND STANDARD DEVIATION (Kg m -g) (ANNUAL - SOUTHERN
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